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Fibre optic long period gratings (LPGs) exhibit a number of unique features which make them attractive candidates for in-line filtering applications in telecommunications, and for application as sensor elements 1 . A long period grating consists of a period modulation of the refractive index of the core of an optical fibre. The period of the modulation is typically in the range 10 μm to 1000
μm. The correspondingly small grating wave-vector promotes coupling between co-propagating modes of the optical fibre. In the case of single mode fibre, the coupling takes place between the guided mode and co-propagating cladding modes. Efficient coupling is possible to only a subset of the cladding modes 2 . As the cladding modes suffer from high attenuation, the transmission spectrum of an optical fibre containing a LPG contains a number of attenuation bands, each corresponding to coupling to a different cladding mode.
The phase matching wavelengths are governed by the expression
where n eff (λ) is the effective refractive index of the propagating core mode at wavelength λ, n i cl (λ) is the refractive index of the i th cladding mode and Λ is the period of the LPG. In this paper the thermal response of the LPG transmission spectrum is investigated at temperatures in the range 4.2 K to 300 K. The thermal response of fibre Bragg gratings at cryogenic temperatures has been investigated previously 9, 10, 11 , showing that at temperatures below approximately 100 K, the spectrum is temperature insensitive. To the authors' knowledge, there have been no previously reported studies of the response of LPGs at cryogenic temperatures.
An LPG, with parameters described previously, was fabricated by exposing the fibre to the output of a quadrupled Nd:YAG laser operating at 266 nm through an amplitude mask of period 400μm.
The transmission spectrum is shown in figure 1 . The use of a fibre with a low cut off wavelength results in the attenuation bands of interest being located within the wavelength response of silicon detectors. The transmission spectrum was monitored by coupling the output from a white light source, a Tungsten Halogen lamp, into the optical fiber containing the LPG and coupling the output from the distal end of the fiber into a PC interfaced CCD spectrometer (Ocean Optics S2000). The spectrometer disperses the spectrum over the 2048 pixels of the CCD linear array, offering a measurement range from 500 nm to 1100 nm. The integration time may be controlled to optimise the SNR, the minimum integration time being 1 ms. The central wavelengths of the attenuation bands were determined using a polynomial fit to the spectral data, giving a resolution of 0.02 nm.
The LPG was inserted into a cryostat and mounted such that it remained straight throughout the experiment to avoid bend induced changes in the transmission spectrum 12 . This was achieved by placing the region of fibre containing the LPG within a glass tube of internal diameter 1 mm. The Boron and Germanium to enhance photosensitivity might be expected to provide a significant differential thermal response of core and cladding.
In summary, the thermal response of a LPG has been monitored from room temperature to 4.2 K.
The LPG attenuation bands exhibited linear temperature dependence from room temperature down to 77K. Below 77K, a thermal response was measurable to below 20 K. 
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